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[57] ABSTRACT

The present invention relates to a bubble elimination method
in a medical centrifugal pump wherein a blood outlet 18 is
directed upward so that a vertical line X passing through the
enter point O of centrifugal pump main body 12 is posi-
tioned between two straight lines o, which respectively
pass through center point O and a point A and center point
O and a point B, points A and B lying on the circumference
of centrifugal chamber 15 where its periphery connects with
blood outlet 18, and a blood inlet 17 is directed upward at
an angle which is larger than the angle which is formed
between the axis and the inner peripheral surface of centri-
fuge chamber 18, blood outlet 18 and blood inlet 17 being
supported in these states by a drive portion 13 of the
centrifugal pump main body 12. After filling the centrifuge
chamber with blood and liquid filling, the processes of low
speed drive, drive halt and high speed drive are sequentially
carried out to rotating body 23. By means of this invention,
it is possible to eliminate with surety the lingering of air
bubbles inside centrifuge chamber 15 of centrifugal pump
main body 12 when initiating circulation of the blood in the
circulation path of an artificial heart-lung machine or the
like.

9 Claims, 6 Drawing Sheets
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METHOD OF ELIMINATING BUBBLES IN A

MEDICAL CENTRIFUGAL PUMP USING
SPEED VARIATIONS

TECHNICAL FIELD

The present invention relates to a method for eliminating
air bubbles in a centrifugal pump which comprise an arti-
ficial heart-lung machine used to process liquid fluid which
includes blood taken from a patient and then returning the
processed blood and liquid fluid to the patient, during a
procedure such as heart surgery.

BACKGROUND ART

In general, an artificial heart-lung machine which pro-
cesses blood as it circulates the blood outside the body is
designed to temporarily store in blood storage chamber 1
venous blood taken from a patient’s vein via a blood
drawing line, as shown in FIG. 3. In this design, the blood
in this blood storage chamber 1 is relayed via a pump 2 to
artificial lung 4 which has a heat exchanger 3. Blood which
has undergone gas exchange at the artificial lung 4 is then
returned to the patient’s artery via a blood return line.

Roller pumps, which send out blood by squeezing the tube
which forms the blood circulation path with a roller, and
centrifugal pumps, which send out blood by means of
centrifugal force, may be used as the pump 2 employed in
this type of artificial heart-lung machine.

An explanation will now be made of the structure of the
centrifugal pump using the figures. As shown in FIGS. 4 and
S, this centrifugal pump 11 is composed of a centrifugal
pump main body 12 which sends out the blood which has
been taken thereinto, and a driving portion 13 which drives
this centrifugal pump main body 12.

Vessel 14 which forms centrifugal pump main body 12
has a centrifuge chamber 18§, consisting of a conically
shaped hollow portion, and a magnet chamber 16 which is
sealed off from centrifuge chamber 15. A blood inlet 17 is
formed to this vessel 14 lying along the axis thereof. Further,
a blood outlet 18 is formed to the side of vessel 14 lying in
the tangential direction of centrifuge chamber 185 at the side
of vessel 14.

Further, a shaft 21 which is provided spanning between
centrifuge chamber 15 and magnet chamber 16 is supported
in a rotatable fashion inside vessel 14. A rotating body 23
which has a plurality of vanes 22,22 is affixed to the end of
this shaft 21 which projects toward centrifugal chamber 18.
Further, a circular magnet 24 is affixed to the end of shaft 21

which projects out toward the magnet chamber 16.

Further, drive portion 13, which is attached to centrifugal
pump main body 12, supports centrifugal pump main body
12 in a state wherein its axis is horizontal and supports blood
outlet 18 in a state wherein it is level above centrifugal pump
main body 12 (see FIG. §). A drive magnet 25 which is
rotated by means of a motor (not shown) is provided to drive
portion 13 in the vicinity of its attachment with centrifugal
pump main body 12. By rotating this drive magnet 25 using
the motor, magnet 24 of the centrifugal pump main body 12
can be rotated due to the magnet force from drive magnet 25.

When magnet 24 of centrifugal pump main body 12 is
rotated by drive portion 13, rotating body 23 which has
vanes 22,22 rotates. An eddy is generated in the blood within
centrifuge chamber 15 by the vanes 22,22. The pressure on
the outer periphery inside centrifuge chamber 15 becomes
high, while the pressure in the vicinity blood inlet 17
becomes low.
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In other words, a pressure difference is generated between
the outer periphery of centrifuge chamber 15 and the vicinity
of blood outlet 17. Blood 1s drawn from blood inlet 17, and
blood in centrifuge chamber 18 is sent out from blood outlet
18.

Vessel 14 of the aforementioned centrifugal pump main
body 12 is formed by assembling a funnel shaped body 31
(sece FIG. 6) which forms centrifuge chamber 15 and a outlet
portion 32 (see FIG. 7) which forms blood outlet 18.

The inner peripheral surface of centrifuge chamber 18 of
the vessel 14 formed in the above described manner must be
formed in a tapered shape which progressively widens in the
direction moving away from blood inlet 17 so that funnel
shaped body 31 can be withdrawn. For this reason, when
circulation of the blood is initiated. as shown in FIG. 8, air
bubbles sometimes linger at the site indicated by the letter D
in the figures between the edge of the inner periphery of
centrifuge chamber 18 and blood outlet 18.

Additionally, air bubbles also sometimes lingers at the site
indicated by the letter K in FIG. § which is at a position on
a portion of centrifuge chamber 18 which is higher than
blood outlet 18.

In this case, as shown in FIG. 9, during manufacturing, the
side portion of outlet portion. 32 may be made to coincide
with the tangential line of funnel shaped body 31. However,
in so doing, a sharp point must be formed at the area of
contact between funnel shaped body 31 and outlet portion
32. This site is very weak, so that it can break or be damaged
easily.

Further, when attempting to expel the air bubbles which
linger at the aforementioned site by force by means of
rotating rotating body 23 at high speed, the air bubbles are
broken down into smaller air bubbles, becoming attached to
the inner surface of the tube which forms the blood circu-
lation path. Accordingly, to climinate these attached air
bubbles requires additional time and trouble.

Accordingly, the present invention was conceived out of
consideration of the above described circumstances, and has

as its objective the provision of a centrifugal pump and an
air bubble climination method which can climinate air
bubbles from lingering in the centrifuge chamber, and can
eliminate remaining air bubbles which have become
attached to the member clements of the centrifuge chamber.

DISCLOSURE OF THE INVENTION

The air bubble elimination method of the present inven-
tion is a method for application in a cenftrifugal pump
comprising a drive portion and a centrifugal pump main
body connected to the drive portion, the centrifugal pump
main body being equipped with: a vessel wherein these is
formed a blood inlet into which the liquid filling flows and
a blood outlet from which the blood and liquid filling is sent
out, the inner portion of this vessel forming the centrifuge
chamber; a shaft which is rotated by the drive portion inside
the vessel; a rotating body which is supported by the end of
the shaft and rotates inside the centrifuge chamber of the
vessel; and a plurality of vanes formed to the rotating body
which employ centrifugal force on the blood and liquid
filling taken in from the blood inlet by means of the rotation
of the rotating body.

In this air bubble elimination method, a low speed drive
process, a drive halt process and a high speed drive process
are carried out sequentially. In the low speed drive process.
which is intended to move the remaining air bubbles in the
centrifuge chamber toward the blood inlet without breaking
the air bubbles into smaller air bubbles, the pressure in the
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vicinity of the blood inlet is lowered by rotating the rotating
body at low speed by means of the drive portion. In the drive
halt process, which is intended to move the remaining air
bubbles which have been moved toward the blood inlet,
toward the blood outlet positioned above, the rotation of the
rotating body is halted by the drive portion. In the high speed
drive process, which is intended to expel from the blood
outlet, the remaining air bubbles which have been moved
toward the blood outlet the rotating body is rotated at high
speed by the drive portion. As a result, when circulation of
the blood is initiated, the remaining air bubbles attached to
the inner wall or the like of the centrifugal pump main body
can be eliminated casily and with surety, making it possible
to greatly reduce the time and labor necessary for the air
bubble elimination process at the time of initiation of the use
of the centrifugal pump.

In the centrifugal pump main body, the blood inlet is
formed along the axis of the shaft, and the blood outlet is
formed at the upper portion of the vessel to the side thereof
along the tangential direction. The blood outlet is directed
upward, supported in this state by the drive portion so that
the vertical line passing through the center point of the
centrifugal pump main body is positioned between two
straight lines which respectively link the aforementioned
center point and two connection points in the circumferential
direction at the site of connection between the blood outlet
and the centrifuge chamber. As aresult, the air bubbles in the
centrifuge chamber are climinated naturally as a result of
buoyant force.

Further, the inner peripheral surface of the centrifuge
chamber in this centrifugal pump main body is tapered so as
to widen in the direction moving away from the blood outlet.
The blood inlet is directed upward, supported in this state by
the drive portion, at an angle that is larger than the angle
formed between the inner peripheral surface of the centri-
fuge chamber and the axis. As a result, the air bubbles in the
centrifuge chamber are eliminated naturally by means of

buoyant force.
In the low speed drive process, the rotating body of the
centrifugal pump main body is rotated at 500 to 1500 rpm.

As a result, the remaining air bubbles can be moved toward
the blood inlet without being broken down into smaller air

bubbles.

Moreover, the duration of the rotation of the rotating body
of the centrifugal pump main body in the low speed drive
process is 5 to 30 seconds. As a result, the remaining air
bubbles can be moved toward the blood inlet with surety.

Further, the duration during which the rotating body of the
centrifugal pump main body is halted in the drive halt
process is 5 to 30 seconds. As a result, the air bubbles which
have accumulated in the vicinity of the blood inlet can be
moved toward the upper end of the centrifuge chamber with
surcty.

Furthermore, the rotating body of the centrifugal pump
main body is rotated at 2500 to 5000 rpm during the high
speed drive process. As a result, the air bubbles which have
been moved to the vicinity of the upper end of the centrifu-
gal chamber can be flushed out from the blood outlet due to
centrifugal force.

Moreover, the duration of the rotation of the rotating body
of the centrifugal pump main body in the high speed drive
process is 10 to 120 seconds. As a result, air bubbles can be
flushed out from the blood outlet with surety.

A magnetic body is provided to the shaft in the centrifugal
pump main body. The drive portion has a drive magnet
which rotates by means of a motor. By rotating the drive
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magnet using the motor, the magnetic body is attracted to the
drive magnet and is rotated. As a result, the rotating body
can be rotated in a non-contact state.

Moreover, the centrifugal pump of the present invention
is comprised of a drive portion and a centrifugal pump main
body which is attached to the drive portion. In a centrifugal
pump which circulates blood and liquid filling through a
path in an artificial heart-lung machine or the like, the
centrifugal pump main body is provided with: a vessel
wherein there is formed a blood take-in container into which
the blood and liquid filling flows and a blood outlet from
which the blood and liquid filling is sent out, the inner
portion of this vessel forming the centrifuge chamber; a
shaft which is rotated by the drive portion inside the vessel,
a rotating body which is supported by the end of the shaft
and rotates inside the centrifuge chamber of the vessel; and
a plurality of vanes which form the rotating body and
employ centrifugal force upon the blood and liquid filling
taken in from the blood inlet by rotating the rotating body.

In the centrifugal pump main body, the blood inlet is
formed along the axis of the shaft, and blood outlet is formed
at the upper portion of the vessel to the side thereof along the
tangential direction. The drive portion is supported in a state
wherein the blood outlet is directed upward so that a vertical
line passing through the center point of the centrifugal pump
main body is positioned between two straight lines linking
the aforementioned center point and a connection point
between two points on the circumference at the connection
site between the blood outlet and the centrifuge chamber. As
a result, the air bubbles in the centrifuge chamber are
eliminated naturally as a result of buoyant force.

Further, the inner peripheral surface of the centrifuge
chamber in this centrifugal pump main body is tapered so as
to widen in the direction moving away from the blood inlet.
The blood take-in container is directed upward, supported in
this state by the drive portion at an angle which is larger than
the angle formed between the inner peripheral surface of the
centrifuge chamber and the axis. As a result, the air bubbles
in the centrifuge chamber are eliminated naturally due to
buoyant force.

Further, a magnetic body is provided to the shaft in the
centrifugal pump main body. The drive portion has a drive
magnet which is rotated by means of a motor. By rotating the
drive magnet using the motor, the magnetic body is attracted
to the drive magnet and is rotated. As a resuit, the rotating
body can be rotated in a non-contact state.

A BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a front view of a centrifugal pump provided to

explain the centrifugal pump in the embodiment of the
present invention.

FIG. 2 is a side view of a centrifugal pump provided to
explain the centrifugal pump in the embodiment of the
present invention.

FIG. 3 is circuit diagram of an artificial heart-lung
machine provided to explain the composition of a heart-lung
machine.

FIG. 4 is a cross-sectional diagram of a centrifugal pump
provided to explain the structure and construction of a
centrifugal pump.

FIG. § is a front view of a centrifugal pump provided to
explain the structure and construction of centrifugal pump.

FIG. 6 is a side view of the funnel of the vessel shown in
cross-section provided to explain the funnel which com-
poses the vessel of the centrifugal pump main body.
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FIG. 7 is a plan view of the funnel of the vessel seen in
cross-section provided to explain the funnel which com-
poses the vessel of the centrifugal pump main body. |

FIG. 8 is a cross-sectional view of a portion of the
centrifugal pump main body provided to explain how air
bubbles linger inside the centrifuge chamber of the centrifu-
gal pump main body.

FIG. 9 is a front view of the funnel of the vessel seen in
cross-section provided to explain the funnel of the vessel of
the centrifugal pump main body.

PREFERRED EMBODIMENTS OF THE
PRESENT INVENTION

Preferred embodiments of the bubble elimination method
in a medical centrifugal pump according to the present
invention will be explained below with reference to the
figures.

Additionally, it is noted here that where structural parts
are identical to those in the centrifugal pump described
above, the same numeric symbol will be employed and an
explanation will be omitted.

As shown in FIGS. 1 and 2, in the centrifugal pump 41 of
the present embodiment, the centrifugal main body 12 is
connected to drive portion 13 as follows.

As shown in FIG. 1, in this centrifugal pump main body
12. blood outlet 18 is directed upward and supported in this
state, so that a vertical line X passing through the center
point O of centrifugal pump main body 12 is positioned
between two straight lines o.f which respectively pass
through center point O and a point A and center point O and
a point B, points A and B lying on the circamference of
centrifugal chamber 15 where its periphery connect with
blood outlet 18.

Further, as shown in FIG. 2, in centrifugal pump main
body 17, blood inlet 17 is directed upward and supported in
this state with a tilt angle o which is larger with respect to
horizontal line Z than the tilt angle vy which is formed
between axis Y and the tapered inner peripheral surface of
centrifuge chamber 15.

In other words, in this centrifugal pump 41, because
centrifugal pump main body 12 is supported in a state
wherein it is tilted as described above, it is possible to obtain
a centrifugal pump with a centrifuge chamber 15 which does
not have an area in which air bubbles linger (i.c., an arca
such as that indicated by D in FIG. 8 and K in FIG. §), as
occurred in the conventional art.

Accordingly, when forcing the blood and liquid filling to
flow into the centrifuge chamber 15 from the tube, (not
shown in the figures) which is to circulate the blood in the
circulation path of the artificial heart-lung machine and
which is connected to blood inlet 17 of centrifugal pump
main body 12, and then flow out from blood outlet 18 to the
tube (not shown in the figures) connected to blood outlet 18,
air bubbles do not linger within centrifugal pump main body
12 but are expelled from blood outlet 18 in the blood and
liquid filling. |

However, air bubbles may become attached and remain to

recessed contoured areas such as the vanes 22,22. In these
cases, it is necessary to remove the attached air bubbles.

In order to do so, in the present embodiment, centrifugal
pump 41 is driven in the following way to carry out the
elimination of remaining air bubbles when circulation of the
blood and liquid filling is initiated.

(1) The motor of drive portion 13 is operated at low speed
(500 to 1500 rpm), rotating at low speed drive magnet 25 of
drive portion 13.
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In so doing, drive magnet 25 of drive portion 13 is also
rotated, rotating magnet 24 of centrifugal pump main body
12. Accompanying this, rotating body 23 rotates.

As a result, an eddy is generated by vanes 22,22 in the
blood and liquid filling inside the centrifuge chamber 15,
giving rise to a pressure difference in the blood and liguid
filling inside centrifuge chamber 15.

In other words, the pressure at the outer peripheral side in
centrifuge chamber 15 becomes large, while the pressure
around the vicinity of blood inlet 17 becomes small.

Accordingly, the air bubbles which remained inside cen-
trifuge chamber 15 move toward blood inlet 17 which is at
low pressure.

Because rotating body 23 is rotating at low speed at this
time, the remaining air bubbles within centrifuge chamber
15 do not break up into smaller air bubbles, but move toward
blood take-in container 17.

Additionally, it is noted here that the duration of this low
speed rotation is of a time length (5 to 30 seconds) sufficient
for the remaining air bubbles to move toward blood inlet 17.

(2) Next, by halting the motor of the drive portion 13, the
rotation of rotating body 23 is halted.

In so doing, the pressure difference at the centrifuge
chamber 15 is eliminated, the air bubbles which moved to
blood inlet 17 in process (1) above move toward the upper
end of the centrifuge chamber 15 due to buoyant force.

Additionally, it is noted here that the duration during
which the motor of drive portion 13 is halted is of a time
length (5 to 30 seconds) which is sufficient for the afore-
mentioned air bubbles to move toward the upper end of
centrifuge chamber 15.

(3) Then, the motor of drive portion 13 is again rotated to
rotate rotating body 23 of centrifugal pump main body 12 at
high speed (2500 to 5000 rpm) for a fixed period of time (10
to 120 seconds). |

In so doing, as in (1) above, a pressure difference is
generated in centrifuge chamber 15, However, because the
rotation is carried out at high speed, and the air bubbles
which moved to the area around the upper end of centrifuge
chamber 15 are flushed out from blood outlet 18 to the tube
along with the blood and liquid filling as a result of cen-
trifugal force.

By carrying out operations (1) through (3), the air bubbles
which remained in centrifuge chamber 15 can be expelled
with ease and surety from blood outlet 18, and centrifuge
chamber 15 of centrifugal pump main body 12 can be filled
with the blood and liquid filling.

After filling the circulation path with the blood and liquid
filling, centrifugal pump 41 is driven at an ordinary number
of rotations (1500 to 3000 rpm), carrying out circulation of
the blood outside the patient’s body.

In this way, by means of the centrifugal pump and air
bubble elimination method of the above described
embodiment, it is possible to eliminate air bubbles lingering
at sites which have a shape conducive to causing this
phenomenon and to greatly improve the safety of the arti-
ficial heart-lung machine.

Further, it is possible to eliminate with extreme ease and
surety the air bubbles which remained in centrifugal pump
main body 12 at the time of initiation of circulation of the
blood. In other words, the time and labor required for air
bubble elimination operations when initiating use of cen-
trifugal pump 41 can be greatly reduced.

Additionally, it is noted here that the above described
preferred embodiment of the present invention used the
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situation where the centrifugal pump 41 is provided in the
middle of the circulation path of the artificial heart-lung
machine as an illustrative example. However, centrifugal
pump 41 is not limited to the path of the artificial heart-lung
machine, but may be suitably employed anywhere in the
circulation path.

Further, when eliminating air bubbles in centrifuge cham-
ber 15 of centrifugal pump main body 12, the duration
during which drive portion 13 is driven, the duration during
which driving is halted, the rotating speed and the like are
not limited to the preferred embodiments, but may of course
be suitably changed in accordance with the size or the like
of the centrifugal pump main body 12.

Furthermore, in the above described preferred
embodiment, a construction wherein magnet 24 of centrifu-
gal pump main body 12 is rotated by the magnetic force of
drive magnet 25 which rotates at the drive portion 13 side
was employed as the means for rotating rotating body 23 in
centrifugal pump main body 12. However, the means for
rotating rotating body 23 inside centrifugal pump main body
12 is not limited to the above described embodiment.

Furthermore, provided that it is a magnetic body which is
attracted by the magnetic force of drive magnet 25, the
magnet used for magnet 24 of centrifugal pump main body
12 is not particularly restricted.

Industrial Field of Application

As described above, the bubble elimination method in a
medical centrifugal pump according to the present invention
allows air bubbles remaining in the ceatrifugal pump main
body to be eliminated with extreme case and surety at the
time of initiation of circulation of the blood. Namely, the
present invention is approprately employed to greatly
reduce the time and labor of air bubble elimination opera-
tions at the time of initiation of use of a centrifugal pump.

What is claimed is:

1. A bubble climination method in a medical centrifugal
pump wherein the centrifugal pump comprises a drive
portion and a centrifugal pump main body connected to the
drive portion, the centrifugal pump main body being
equipped with a vessel wherein there is formed a blood inlet
into which the blood and liquid filling flows and a blood
outlet from which the blood and liquid filling is sent out, the
inner portion of this vessel forming the centrifuge chamber,
a shaft which is rotated by the drive portion inside the vessel,
a rotating body which is supported by the end of the shaft
and rotates inside the centrifuge chamber of the vessel, and
a plurality of vanes formed to the rotating body which
employ centrifugal force on the blood and liquid filling
taken in from the blood inlet by means of the rotation of the
rotating body; said method being characterized in that:

a low speed drive process, which is intended to move the
remaining air bubbles in the centrifuge chamber toward
the blood inlet without breaking the air bubbles into
smaller air bubbles, wherein the pressure in the vicinity
of the blood inlet is lowered by rotating the rotating
body at low speed by means of the drive portion;

a drive halt process, which is intended to move the

remaining air bubbles which have been moved toward
the blood inlet toward the blood outlet positioned

10
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above, wherein the rotation of the rotating body is
halted by the drive portion;

a high speed drive process higher than said low speed,
which is intended to expel from the blood outlet the
remaining air bubbles which have been moved toward
the blood outlet, wherein the rotating body is rotated at
high speed by the drive portion;

said processes being carried out sequentially after the
centrifuge chamber has been filled with blood and
liquid filling.

2. A bubble elimination method in a medical centrifugal

' pump according to claim 1 characterized in that, in the
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centrifugal pump main body, the blood inlet is formed along
the axis of the shaft and the blood outlet is formed to the
upper portion of the vessel at the side thereof lying in the

tangential direction, the blood outlet of the centrifugal pump
being directed upward supported in this state by the drive
portion so that a vertical line passing through the center
point of the centrifugal pump main body is positioned
between two straight lines which respectively pass through
the center point and two points lying on the circumference
of the centrifuge chamber where its periphery connects with
the blood outlet.

3. A bubble elimination method in a medical centrifugal
pump according to claim 2 characterized in that the inner
peripheral surface of the centrifuge chamber in the centrifu-
gal pump main body forms a tapered surface which pro-
gressively widens in the direction moving away from the
blood inlet, and the blood inlet is directed upward at an angle
which is greater than the angle which is forrned between the
axis and the inner peripheral surface of the centrifuge
chamber supported in this state by the drive portion.

4. A bubble elimination method in a medical centrifugal
pump according to claim 1 characterized in that the rotating
body of the centrifugal pump main body is rotated at 500 to
1500 rpm during the low speed drive process.

5. A bubble elimination method in a medical centrifugal
pump according to claim 1 characterized in that the duration
of rotation of the rotating body of the centrifugal pump main
body during the low speed drive process is 5 to 30 seconds.

6. A bubble elimination method in a medical centrifugal
pump according to claim 1 characterized in that the duration
during which the rotating body of the centrifugal pump main
body is halted during the drive halt process is 5 to 30
seconds.

7. A bubble elimination method in a medical centrifugal
pump according to claim 1 characterized in that the rotating
body of the centrifugal pump main body is rotated at 2500
to 5000 rpm during the high speed drive process.

8. A bubble elimination method in a medical centrifugal
pump according to claim 1 characterized in that the duration
of rotation of the rotating of the centrifugal pump main body
during the high speed drive process is 10 to 120 seconds.

9. A bubble elimination method in a medical centrifugal
pump according to claim 1 characterized in that a magnetic
body is provided to the shaft and a drive magnet which is
rotated by a motor is provide to the drive portion, the
magnetic body being attracted by the drive magnet and
rotated as a result of the rotation of the drive magnet by the
motor.
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